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The present invention relates to tHe field of lactic ac.d 
bacterial atarter cultures and in particular there 
the means of enhancing t:l.e growth rate and/or controlling the 
metabolic activity of lactic acid bacteria by cultivating the 
lactic acid bacteria in association with a lactic acid 
bacterial helper organism which has a defect in its pyruvate 
metabolism. Such a helper organism is also useful as a means of 
improving the shelf life and/or quality of edible products. 



TECHNICAL BACKGROUND AND PRIOR ART 



Lactic acid bacteria are used extensively as starter cultures 
ia the food industry in the manufactuxe of fermented products 
including milk products such as e.g. yoghurt and cheese, meat 
products, bakery products, wine and vegetable products. 

AS used herein the tern "lactic acid bacteria- refers to gram- 

positive, microaerophilic or anaerobic bacteria whxch fe^nt 

sugars with the production of acids including lactic acid as 

the predominantly produced acid, acetic acid, formic acid and 

propionic acid. IHe industrially most useful lactic acxd 

bacteria are found among I^ctococcus species, such as 

Lactococcus lactis. Lactobacillus species, ^^^--^^'"^^f 

species. Leuconosnoc species, P^dJ.ococcuB specxes and Prop^- 

. t-H«» Rt-rict anaerobes belonging to 

oniJbacterium species. Also the stcict anaeto 

the genus Bifidobacterium is generally included in the group 
lactic acid bacteria. 

vmen a l.ctlc a.cid bacterial startar culture Is addel to mllic 
TL.y other adible starting matarlal and appropriate condi- 
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tions for growth and n«taJ.olic activity of the starter culture 
are provided, the bacteria will Btart to P^^'^^^f ^J^^" * 
period Of time knovn as the lag phase, during -^^^^J^ 
bacteria adapt to the aew conditions. Once propagation of the 
bacteria is initiated it is rapid with concomitant conversion 
orc!ttate. lactose or other Bugara into lactic acid/lactate a. 
the xnajor acidic netabolite. and possibly other acids including 
Icetate resulting in a pH decrease. In addition, several other 
acetate, reeu a ^^-etaldehyde o(-aeetolactate. acetoin, 

metabolites such as e.g. acetaldehyae. « ^ ^^,,r<^A 
diacetyl and 2,3-butylene glycol CbutanedioU are produced 
during the growth of the lactic acid bacteria. 

Generally the growth rate and the metabolic activity of lactic 
a::nac'terial starter cultures can be controlled by selecting 
appropriate growth conditions for the strains of the specific 
starter culture used such as appropriate growth temperature, 
oscygen tension and content of nutrients. ^ at the 

tZs, it is Hno.^ in the dairy industry that a reduction of the 
^;;n content of the miX^ raw n^terial 

r^!d growth of the added lactic acid bacteria which xn turn 
results in a more rapid acidification of the -^^^^^^^ 
currently, such a reduction of the oxygen content is aa.r:rj.^<l 
™ helting the mil. in open systems, by deaerating the m.1). 
in vacuum or by a sparging treatment. Alternative means of 
teducing the oxygen content include the addition of oxygen 
scavenging cotnpounds. 

tootle acia bacterial «art« eulturaa .« co^nly u,ea in th. 
food industry ae mixed etrain cultures comprising one or 
several sped... For a number o£ mixed strain cultures such 
yoghurt starter cultures typically comprlslns 
Lot=J.a=lIlus buljarlcus and Strsptocc.<:cas ^ 
syn^lotlc relationship l»et«en the .pedes has 
aZmlngly due to proteolytic activity o£ at ""^ ° 

Strains (Rajaaopal et al. J. Dairy Scl., ' iturls 

^s also been reported that In such mixed yoghurt cultures. 
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stimulation Of growth of the LactobacllluH coi^onent is due to 
the inherent formation of formic acid by the Streptococcus 
ther«ophlZus (Suzulci et al., 1986), A ^^^'^^^'^^ ™^ °' 
syrhbiotic relationship between strains in a mixed culture is 
disclosed in EP 0 ill 392 A2 where it is demonstrated t^t 
selected wild-type Streptococcus thar^philus ^^^^^^^^f 
relatively high oxygen uptake al.ility irt^roves the survival of 
a strictly anaerobic BlfldoJpacterlum species when it is 
contoined vith the Streptococcus strain. 

However, the prior art is not aware of any generally applicable 
ri:iogi;al Jthod Whereby the growth and metabolic activity of 
lactic acid bacterial starter cultures can be enhanced. It xs 
therefore a primary objective of the present invention to 
provide such a method. 



15 SUMMARY OF THE INVENTTON 

accordingly, the present invention relates in a ^^^^^^^ 
to a method of enhancing the growth rate and/or controlling the 
xnetabolic activity of a lactic acid bacterial strain 
coroprising cultivating the strain in association with a lactxc 
20 acid bacterial helper organism that is defective xn its 
pyruvate metabolism. 

x„ , father aspect there i. provided a 

aheif life ana/or the ,^lity of «. «<libla product =«prls.n9 
aa^ing to the product a lactic acid bacterial 

2S detective m Its pyruvate nietaboliem and a «1U 

^3 u^x-^^x. sr --^ ft^arter culture composition, 

aspect the invention pertains to a ^ bacterial 

comprising a lactic acid bacterium and a lactxc ^^^^^ 
helper organism that is defective in its pyruvate ^^^"^^H^l' 
^aid Llper organism being capable of enhancing the growth rate 

30 a^d/or controlling the metabolic activity of the lactic acd 
bacterium. 
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in yet another aspect the invention pertains to a lactic acid 
bacterium that is defective in at least one enzyme involved xn 
the pyruvate metabolisin and in which a gene capable of 
regenerating NftD* is overexpressed. 



5 DETAILED DISCLOSURE OP THE INVENTION 

It is a primary objective of the present invention to P^^^^id^^ 
generally applicable method of enhancing the growth ^^^e and/or 
controlling the metabolic activity of a lactic acid bacterial 
starter culture. The method comprises cultivating the culture 
10 in association with a lactic acid bacterial helper organism 
which is defective in its pyruvate metabolism. 

It will be understood that enhancement of the growth rate 
relates to any effect resulting in a higher number of starter 
culture cells in the medium after a given period of time x 
15 the lactic acid bacterial cells propagate at a 

that obtained without the helper organism, or the cells start 
propagating at an earlier point in time at a rate °^ 
higher as co»5>ared to propagation of the lactic acd bacteria 
wlchouc the helper organlem- 

^ei herein, the expression "coatroiling the metabolic 
activity refers to the lncr.aB«J or decreased production of 

^Z^o^Lt. produced ^ the starter culture "^-^ 
prLuction o* aoide. such a» Xactic acid, acetic = 
acid and/or propionic acid. Example, of other -^f 
relevance, the production of which ™ay be controlled, include 
aro»« cc-pounds euch ae acetaldehyde, caoetolactate, acetoxn, 
diacetyl and 2,3-butylen. glycol (butanediol) . 

in accordance with the invention, the lactic acid bacterial 
helper organise is detective in its pyruvate „,etabcllsm « 
^sed hereL the expresaion -defective in its pyruvate »etabo- 
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nam" indicatea that the helper crganiBia in comparison with the 
parent strain has an altered metahollsm of P^^^^^*^^' 
increased or decreased production of one or more metabolites 
derived from pyruvate. 

5 such an altered metabolism of pyruvate can be the result of 
.he helper organism being defective in it« ability to express 
at least one enzyme selected from the group consisting of 
pyruvate formate lyase, pyruvate dehydrogenase, lactate 
dehydrogenase, acetolactate synthetase, second acetolactate 
.0 sXtaae, acetolactate decarbo^lase and ^^-^^^ 

Afused herein the expression -defective in its ^^^^^^^^ 
express any of the above enzymes" indicates that the helper 
organism as compared to the parent strain from ^^^-^ [^^ 
derived has a reduced production of the enzyme or that the 

15 enzyme is not expressed at all. irrespective of the growth 
conditions . 

B«™pl« o£ la«i= acid bacterial helper orsaoleme "f^^f^ ' 
active in .=helr ability to e^reae at least one of 
„«„ticnea en.yn,e. include the lactocccc« lactla sub.p.c.eB 
20 lactla etraln D»223 vKlcb Is <Je£e«l,ra both .n the Py"^»" 
^tr-ate lyase (Ptl". enzy^ae and Ih the lactate W-^tf/^ 
enzyme (Ldh") and the LactccoccuB lactls subspecies laceis 
strain DN224 which Is Ldh defective. 

m one useful embodiment of the abo»e »».thoa. the 
25 Of a lactic acid bacterial strain of the starter culture in 

:lsociation With the helper or.anie» results in an enhance^t 
of the acid production of the strain. 

Evidently, the above-mentioned enhanced production of "^^s 
^IX result in a pH decrease of the medium inoculated wxth the 
30 associative culture (a starter culture in association with the 
hetper oraanis,. according to the invention, ^^^t^',, 
obtLned in the s«.e medium inoculated with the starter culture 
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alone. The difference in pH of the me^lium inoculated with the 
gtarter culture alone and the medium inoculated wxth the 
associative culture ia referred to herein as ApH. Xn useful 
eno^odiments of the invention the enhanced acid production 
5 results in a ApK of at least 0.05 after 3 hours or 

cultivation, such as a ApH of at least O.i after 3 hours or 

o. cui;ivation. e.g. a ApH of at least 0.5 after 3 hour, 
or more of cultivation, such as a ApH of at least 0.8 after 3 
™or more of cultivation, e.g. a ApH of at least 1.0 after 
10 3 hours or more of cultivation, 

in useful embodiments of the present invention the lactic acid 
bacterial starter culture is a mixed strain ^^^^^^^^^^JJ^l'^^ 
at least two strains of lactic acid bacteria. Examples of such 
mixed strain cultures are described in the ^i^^. ^ 

15 -nius, in particularly preferred embodiments of the i--*-'^^^" 

.he helpeforganism is capal,le of enhancing the growth rate of 
- at least one of the mixed strain culture strains and/or capable 
of controlling the metabolic activity of at least one of the 
strains of che lactic acid bacterial mixed strain culture 
20 Growth conditions which are in all respects optimal for all 

strains of such lactic acid bacterial mixed strain cultures may 
not be found. Therefore, the metabolic activity of a mixed 
strain culture a^y be controlled selectively by a 
terr^erature which favor an increased production 
25 metLolites by one or more strains, but which -^^^ f^f ^^^"^ 
«ay result in a decreased production of other 
other strains. However, the o^^erall result of -^^^f * 
lactic acid bacterial mixed strain culture with a ^^^^l 
organism according to the invention as compared to ^^^^^^H 
30 acid bacterial mixed strain culture being cultivated -^o^e xs 
an increased nuxc^er of cells, an increased production of one or 
.ore xnetabolites. including acids and aroma confounds and/or a 
decreased production of one or more metabolites. 

industrial production of edible products typically includes 
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de=«e Of Xsen .duration of edible product 13 increased 
ln"Ji ^tt. the edit,le produce .tar.ing material »a„ ^ve 

fru: i^ex^Tigh initial ox^e. co„.e„. <''^'^^^:.:L°^" 

.aturabion, which is unfavoraV=Xe for lacdc acxd "'""^f 
'tarter cultures. It has «ow eurprielngly been found that when 
the tarter culture Is cultivated In an edible product start n« 
.^terlal having an Initial degree of -^f ".'""""fj^"' 
or higher euoh as 20* or higher in association w.th a helper 
organism according to the invention. Its growth rate xe 
s,ietantlally enhanced and/or its metabolic actxv.ty 
c^trolled as coopered to cultivating it without the helper 
organiam under the ea»e conditions. 

in useful embo<Jit«nts o£ the invention the helper organism is a 
"0^10 add bacterium capable of reducing the amount of o=<ygen 
present in the medium. Thus, in particularly 

L^odiments of the invention- the helper !^^tL«t 
reducing the amount of oxygen present in the "^ "^^^'^ 

X, per hour including by at least 10» per hour, such « by at 

, » vv„ at- le^ast 30% per houiT. The 

least 20% per hour, e.g. by at least 4u< p« ^ at 

^ v-. v,v at least 40% per hoiir including by at 
reduction may even be by at least -ku-s „ „ nv 

llast SO* per hour, such as by at least 60% per hour, e.g. oy 
at least 70. per hour, such as by at least 80* or by at least 
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90% per hour. 
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method Of enhancing the growth rate 
matabollc activity according to the ~f " '^^^^^^ of 
increased grovth rate and/or control of ""'^^^ . 

lactic acid bacterial starter culture can "bta.ned even 1 
^dlunv having a low degree of oxygen " 
^ge of 1-10*. However, the method may "^^"'^^^^^^^^^^^^ i„ 

rh. lactic acid bacterial starter culture is cultiva 
Tedi^ e pr:-o^ starting »terial having an -iti-^ 
saturation of 10* or more, e.g.. «* or more, such a, «* or 
more. e.g. 50* or more, such as 60* or more, e.g. 70* 
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such as 80% or more, axxd e.g 90* or more, such an Initial 
oxygen Batur&tion of 95* or more. 

in general, the helper organism ie a derivative of a lactic 
acid bacterium. As used herein the expression "derivative of a 
lactic acid bacterium" encoit?>aBses a lactic acid bacterial 
mutant which is derived by selecting a spontaneously occurring 
„«atant of a wild-type strain of a lactic acid bacterium or 
alternatively, by constructing a mutant of a wild- type lactic 
acid bacterial strain or a previously xnutated strain. This 
construction can be made by subjecting a strain to any 

conventional mutageni nation treatment including treatment with 
chemical mutagens and uv light. 

A mutant can also be constructed by genetic modifications in 
the parent strain including deletions, insertions, subatxtu- 
tions of nucleotides. These genetic modifications can be 
oht^ained by techniques Icnown in the art to ' 
xnodifications. including dna recombination techniques including 
site directed mutagenesis, polymerase chain reaction 
techniques , random or quasi- random mutagenesis using any 
mutagen, in vitro mutagenesis or any other method Icnovn to 
introduce genetic modifications into substances --^^^^^^Z 
being derived from naturally occurring nucleic acids or amino 
acids, in accordance with the invention, the derivative of a 
lactic acid bacterium can e.g. be derived from 

epecies. such as Lactococcus lacti.. a X^ctobacillus specxes. a 
streptococcus species, a Keucoaostcc species, a Pediococcus 
species, a Propionibacterlum species or a Biridobacteraum 
species* 

in this content, one preferred species is 

including l^ctococcus lactlH subspecies lactis including biovar 
diacetylactie. Exan,,les of suitable helper 
X^actoiccus lactis subspecies lactic strain DK223 which has 
been deposited under the accession No. DSM 11036 and 
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been aeposxcea u^i^* ^ wn Qa/07843 In the following 

DN224 Btrains are described in WO 98/07843. xn 

1-= /lo^alla are alven for the isolation of these 
reference examples details are gxveji 

5 strains . 

It baen «und ch». derivative,, such « tne a)=ov, 

production of acta, are particularly suitable .n the above 
Lthod oi enhancing growth rate or controlling metabolic 
10 activity. 

The enhancement o£ the growth rate ani/or controlled mebaholio 
activity obtained by the alcove method can be 
cultivating the starter culture in any media supporting the 
growth of lactic acid bacteria. Thue, the 
15 obtained in a variety o£ edible product components or ingred 
ients such as milk, meat, tlour dough, wine and plant 
^.terials, such a. vegetables, fruits or fodder crops. 

The starter culture and the helper organism is added in amount- 
which result in a number of viable cells of each component 
.0 Ihich is at least ao' colony forming '""'^/^^JH;' 

the edible product -"f- --^--ral « l^ast "^"pu/g. 
CFTJ/g including at least 10 CFO/g, " 
e g. at least lo' CTO/g, Buch as at least 10 ^^/'-/-^ " 
teast 10' CFO/g, such as at leaet lo" CFO/g, e.g. at least 10 
2S CFU/g of the edible product starting materials. 
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xn preferred e^odi.ents ^[^^IJ^^J^^^^^^ 

between helper orgaixism cells and ^^^^^^^^^^ 

cells is in the range of 1000:1 to l.lOOO such \^ 

1.500 e c, 100;1 to 1:100. such as in the range of 50-1 to 
1:500, e.g. XOU.i ^^^ge of 

1:50. e.g in the range of 20.1 to ^'^O' ^^^^ 
10:1 to 1:10 or in the range of o:l to 1.5 sacn as 
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Of 2:1 to 1:2 



in the metaDolism of lactic acid bacteria it is regu..red to 
regenerate NAD^. Several of the enzytnee involved in the 
pyruvate metabolism including I,dn ia capable of thie regener- 
ation by converting pyruvate to lactate. Accordingly, in a 
lactic acid bacterial strain that has a defect in its pyruvate 
metabolism which ii^plies that the ability of the strain to 
regenerate is reduced, there is a need for alternative 

ways of providing the required amount of this essential 
compound. One such alternative way which is naturally available 
in lactic acid bacteria is regeneration by means of NADH 
oxidases of which three types have been reported. (Condon. 
1987) The fljrst two are non-haen f lavoproteins . one of which 
catalyses the reduction of 0^ to H^O^, the other one the 
reduction of 0^ to H,0. One example of the latter type of 
en3:yme, i.e. an H,0 forcing NADH oxidase is the enzyme encoded 
by the «ox gene. This enzyme regenerates tv,o equivalents of 
VRD* under oxygen consumption. 

It is therefore conteii«)lated that the enhancing effect of a 
helper organism according to the invention can be further 
improved by over expressing an reducing (i.e. O, consumxng) 
enzyme including the enayme encoded by a nox gene present in 
tlie orgainism. 

Accordingly, in a further embodiment of the present method the 
helper organism is one wherein a gene coding for an e^yme that 
is capable of regenerating NAD* including the above NADH 
oxidases is overexpressed. in the present context, the term 
"overexpressed-. indicates that the level of expression of the 
gene is increased relative to that of the parent ^^^^^^^^^ 
Which the helper organism overexpressing. the gene -^^^^^^^^ 
-n.us, a helper organism that is capable of overexpressing the 
gene coding for the NAD* regenerating enzyme P^^^«^^^^^ 
Uresses the gene at a level which is at least 10% ^^^^^^^^^^ 
tS level at which the gene is expressed in the parent such as 



*^VW c/v nn OA CO e*^- vvj ofc*TT vnr o« en/07 



tntstci.cfii ' 

11 



10 



least 25% higher, .g- at l«ast 50* higher. It Is 
particularly preferred that the level of expreBBion xs at least 
100% higher than that of the parent. 

The overexpreasicn of the gene can be provided ^^^^^l^'^f 
are known in the art such as e.g. by introducing xn the helper 
organism multiple copies of the gene on the chromosome and/or 
on extrachromoeotnal elements including plasmids. phages or 
cosmlds , 

Alternatively, the over expression is tl.e r.BU^^ oZ operably 
Uniting a gene or genes naturally occurring in the helper 
linicxng a ge » is/™ inserted into the organism 

organism or a gene/genes that is/are xnseruea ^.^h^^ at 

Ja regulatory sequence that enhances the expressxon either at 
Che transcriptional or the translatlonal level, in this 
context, one useful approach is to linK the gene -P^^^^^ * 
strong homologous or heterologous promoter which ^P^^^^^^ 
a reguiatable promoter. Interesting promoters are tFNA and rSKA 
promoters including the PI and PII promoters and the S>^^ 
promoter from xactococcus lactls subspecies laccis as described 
in WO 94/16086 to which there is referred. 

A regulatable promoter regulating the expression of the gene 
coding for an m>D* regenerating enzyme can suitably be regu- 
lated by a factor selected from pH, the growth ^-^^l^^l^l'J 
temperature shift eliciting the expxesslon of heat choo^ genes, 
the composition of the growth medium Including the xonic 
i strength/NaCl content and the presence/absence J?-^^^^ 

nucleotide precursors, and the growth phase/growth rate of the 

bacterlimi* 

It is also possible to obtain a helper -f^^^^^^^^^f^^ 
increased NAD^ regenerating activity .^^^^'^^"^^^^/^'^tt 
0 of the enzyme e.g. by modifying the coding sequence or post 
translationally by methods which are 

in the present context, an example of a suxtable NAD regen 
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erating enzyme is the NftDH oxidase encoded by the aox gene. 

in accordance with the present method, the helper organism 
capable of overe^ressing a NAD- regenerating en^yine -^f^^^^ 
L organism wherein the enzyme catalysee the reduction of O. to 
7r H,0,, e.g. the enzyme having the sec^ence SEQ XD NO:^ae 
Shown below. In useful embodin.ents the helper organism is an 
Ldh' strain. 

AS it is described above, lactic acid bacterial strains that 
are defective in their pyruvate metabolism include strains that 
are capable of reducing the amount of oxygen in a medium. It 
has been found that such strains, when used alone, i.e. without 
the concomitant addition of a starter culture strain can 
improve the shelf -life of edible products. Accordingly, it is 
another objective of the invention to provide a 
improving the shelf life and/or the quality of an edible 
product, comprising adding to the product a lactic *<=J^ 
bacterial strain that is defective in its PV-^vate metabolism 
as it: is defined above. As used herein the tern -shelf life 
indicates the period of time in which the edible product 
acceptable for consumption, in one useful embodiment the 
lactic acid bacterial strain is one that has a ^^^^^^^ 
production of lactic acid including a strain that essentially 
does not produce lactic acid. 

in accordance with the invention, a lactic 

strain that is useful for improving the ^^^^^'^^^^f J^"!'^, 
products includes a strain as described above - -^^^^^/^'^^ 
coding for an enzyme that is capable of regenerating NAD 
including the above NADH oxidases is over expressed. 

me above shelf-lif« improving effect can be obtained in a 
variety of edible product components or ingredients such as 

i including non'pasteuri.ed (raw) mil., meat ^--^^^^^^ 
wine and plant materials, euch as vegetables, fru.te or fodder 
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^x.^ 4^^^ om4ik« la intended to mean any 
crops. ^ used herein, th. ^ milk, huxnan 

.ype of millc or millc ^-^P^^^"^^'"^^^^'?^ products 
milk, buffalo milk, goat's milk, sheep e milk, da ry p 

Bade from such milk, or whey. 

Th. rate at which the above lactic acid bacterial culture 
:::or o:^..n dependent on the ^^^^^^^l^i;^^^^^^ 
e q the tea«>erature. With tci«?>eraturee in the edible proa 

rCacC on th, .hel£ l«e an»/or ^licy of the .dxble 

product - 

^ 4« =.,,n««iaiice with the above method the non-acid- 
«hen used in -"^'f^^^^ J^^^ preferably mixed with 

ifying lactic acid bacterial cuitu ^ exaB?>le, 
the edible product at the production sxte^ tactic 
When the edible product is --^^rn the'd^t^fL to the 
acid bacterial culture can be added '^^^^^^^^^^ 
milk subsequent to milking. Conveniently, '^^^ ^^^^^^ ^ ^ 
to the f re^ «il)c in a cooling tank at the dairy farm or to 
storage tank at a dairy plant. 

^ ,cco.a.n=e Wit. the ..the. ot the P---^^^"-^^ 
•ISO „ossl61e to achieve an eiihanoeront of the blanaes yxeo. 

rinHtl^ter culture P---^ ^^^^^^ ll - 

time. Thus, this effect can be -^^f^-^J^2 Is also referred 
5 starter culture is increased stepwise, which is also 
to in the art as "bulk starter systems". 

mentioned above, the invention ^1^,1^^1X177^.^^^^^^^ 
a starter culture composition l^^l^^^:^^^^^^^^^^ 
a lactic acid bacterium and a . ^3 pyruvate 

0 o„a..^ as --:;ro^: 
rrr: ::o::::.o. of xact.o a^. su=h a, . 
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that essentially does not produce lactic add. 

Typically, Buch compositions comprise the bacteria in a 
c^centrated form including frozen, dried or ^"/^^^^^^^ 
concentrates typically having a concentration viable cells 
which is at least 10^ CFU per gram of the con^osition, such as 
at least io« CF^/g including at least lo' CFU/g. e.g. ^^^^^^^^ 
10« CPU/g. e.g. at least lO^^ CFU/g. such as at least 10 
L/g e 9. at least lo" CPU/g, such as at least 10- CFU/g of 
the corr^^osition. Ilie composition may as further components 
contain c^oprotectants and/or conventional additives including 
nutrients such as yeast extract, sugars and vitaau-ns. 

la accordance with the invention there is also provided a 
lactic acid bacterium that is defective in ^^/^^^ ^^^^^^^^ 
involved in the pyruvate metabolism as it is described above 
and in which a gene capable of regenerating NM>- is 
overe^ressed, including a gene coding for an 
th. rSuction of O, to H,0 or H,0, such as an NADH:H.O oxxdase 
including the enzyme having the sequence SEQ ID NO: 2. 

AS mentioned above, the invention also provides an i^.ol.^.^ 
fragment derived from a lactic acid bacterium ^-P^^^^/^^^^ 
coding for a polypeptide having NADH:H,0 oxidase -^^^^^^ 
.a a DNA fragment which is selected from the group consisting 
of the sequence shown in SEQ NO ID:1 and a variant or 
derivative hereof which is at least 50% e.g. at least 60* 
including at least 70% identical with said sequence, and a 
recombinant DNA molecule comprising such a DNA fragment In the 
preLnt context, the expression "variant or derivative- refers 
to Ly modification, including mutations, of the 
of the above specific sequence including substitutxon, addition 
) or deletion of one or more nucleotides. 

The invention is further illustrated in the following reference 
examples, examples and the drawing wherein: 
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Fig. 1 illvetrates the effect on the acidification ratee of the 
lesopbilic lactic acid bacterial starrer cultur. B-Xl when 
^It!vated in low pasteurized whole milK at 300C alone (0.0. 
wt%) and in association with the i^ctococcua lactris subs. 
5 llcti. strain DN223 and DK224. respectively, at the following 
concentrations: 0.005 wt*, 0.01 wt% to 0.02 wt%, 

Pig. 2 illustrates the effect on the acidification rates of the 
.esophilic lactic acid bacterial starrer «f 
cult:ivatod in low pasteurized ecological whole nullc at 30 C 
^0 alone (O.Ol wt%) and in association with .he^^accococcus aactas 
subs, lactis strain DN223 and DN224. respectively, at the 
following concentrations-. 0.005 wt%. 0.01 wt% to 0.02 vt%. 

Hig. 3 illustrates the effect on the acidification rates of the 
„esophilic lactic acid bacterial starter culture ^-H when 
15 cultivated in high pasteurised s.i-^d mil^ at 30^C alone <0,0X 
wt%) and in association with the Lactococcus lactis 
lactis strain DN223 and D.I224, respectively, at the following 
concentrations: 0.005 wt%, 0.01 wt% to 0.02 wt%. 

Pig. 4 Illustrates the acidification of low pasteurized whole 
20 ndlk inoculated with the thern^ophilic lactic acid bacterial 

Tttrter yoghurt culture VC-^SO (0.02 wt%> . the ^--^^^ 

-a vr. ^cn 02 wt%^ in association with 
DN223 (0,003 wt%) and YC-460 (0.02 wc*; 

DN223 (0.003 wt%), respectively. 

Fig. 5 illustrates the acidification of ^^^^^^^^^^'^f 
25 ecological whole millc inoculated with the ther^nophxlic lactxc 
acid bacterial starter yoghurt culture 

vc-«0 (0.02 V.*), the helper organism (0.003 wt*, and 

YC-460 (0.02 «t%) in association with Dira24 (0.003 «*) , 

respectively, 

30 Fig. SA Illustrates the acidification o£ low 

ecological whole nilk Inoculatsd with the the«oph.l.= Isct.c 
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acid bacterial starter yoghurt culture YC-460 (0.02 wt%) , the 
helper organism DN223 (0.003 wt*) and YC-460 (0.02 wt%) in 
association with DN223 (0.003 wt*) , respectively. 

Fig. 6B illustrates the effect on the oxygen concentration of 
5 low pasteurized ecological whole milk inoculared with the 

thermophilic lactic acid bacterial starter yoghurt ^^^^^^f^ J''- 
460 (0.02 wt%>, the helper organism DN223 (O.O03 wt%) and YC- 
460 (0.02 wt*) in association with DN223 (0.003 wt*) , 
respectively, 

10 Pig. illustrates the acidification of low pasteuris^ed ^ 
ecological whole lailk inoculated with the thermophilic lactxc 
acid bacterial starter yoghurt culture YC-460 (0.02 wt*) . the 
helper organism DN224 (0.003 wt*) and YC.460 (0.02 wt%) in 
association with DM224 (0.003 wt*) . respectively, 

15 Fig. 7B illustrates the effect on the oxygen concentration of 
low pasteurized ecological whole millc inoculated with the 
thermophilic lactic acid bacterial starter yoghurt <=^lture YC- 
460 (0.02 wt*), the helper organism DK224 (0.003 wt*) and YC- 
460 (0.02 wt*) in association with DN224 (0.003 wt%) , 

20 respectively. 

Pig. 8A illustrates the acidification of low pasteurized 
ecological whole milJc inoculated with the mesophilic lactic 
acid bacterial starter culture B-lx (O.Ol wt*) . DN223 (0.0015 
wt%) and B-ii (0.01 wt*) in association with DN223 (0.00X5 
25 wt*) , 

Fig. 8B illustrates the effect of the oxygen concentration of 
low pasteurized ecological whole milk Inoculated with the 
mesophilic lactic acid bacterial starter culture ^^'^^ 
wt%). DN223 (O.OOIS wt*) and B- 11 (0.01 wt*) in association 
30 with DN223 (O.OOIS Wt%), 
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Fi« 9A illustrates the acidtf icaCloix of low pasteurized 
I'ZiX^ wnole .... inoculate, wit. ..e ------ 



5 wt%) 



rig 9B illustratas the effect of the oxygen concentration of 
I:w*paBteurized ecological .hole milK inoculated wxtn the 

.esoUic lactic acid ^^^^l^t^^^^^^^^^^ 

v,t:%). DN224 (0.0015 wt%) and B-H (0.01 wt*) in as 

10 with DN224 {O.OOIS Wt%) • 
REFERENCE EXAMPLES 
Materials and jnftthoda 



The following lactic add bacterial Btrains were used in the 

.5 'eference exLplee. Laceococcus ^^^^'^ ^^^'I'^^^llZll 
-^r«lne lFHCY-1 MG1363 and CHCC373 (Chr. Hansen Culture 
rc^ertio™ and'^actococcu. Iact.s suhspecies lactis Mova. 
diacetylactls DB1341 

^ growth media were used-, (i) M17 "^'^^^Z^^""^^' f,^^^ 
20 197S)- (ii) the defined phosphate-buffered DN-^nedium (Dickely 

: «SS) With or without eodiu. -.fir,;. ... 

respectively) . The DN-medium does not contain 
Ts'supplemented with NaFor^^.e at a conce.tra xon f 0^6% 
(ili) reconstituted skim milk, RSM containing 9-5% low h 
skim milk powder (Milex 240 Ih, MD Poods . . Denmark) . 

. ^ ^ ,1- -an-r and crrowth was monitored by 
The strains were cultivated at 30 C ana grow 

J , J ^o4«>mr fOD^ at 600 nm and/or pH. 
measuring the optical density (OD) at e obtained by 

aerobic conditions for growth on f/^^!^^^,,. ^ .^^tem 

incubation in a sealed container us.ng the Anae-ocu 
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(Merclc. Darmstadt, Gerrnany) . Xn the following, anaerobic growt:h 
conditions for cultures in liquid media means on^Ct^^^^on 
without Shaking, and aerobic cultivation means growth under 
shaking . 

P, , M^tlaCT O^^p«^ « of lacpis, 

A single colony of L. l.ctis was inoculated in 10 ml DN-medium 
and incubated for 16 hours under vigorous shaking. To the 
outgrown culture 150 /xl ^^hyl methane sulphonate (EMS, 
Sigma) was added and the mixture was Incubated ^^l^^^'' "^"^ 
sh!Sng. After 2 hours, 10 tubes each containing 2^ ^-medium 
were each inoculated with 0.2 ml of the "^'^^^eni^.ed culture 
The tubes were incubated until the following day under shaking 
for phenotypic e^cpressiou. Sterile glycerol was added to a 
final concentration of 15% (v/v) and the cultures were stored 
at -70°C until uee. 

A smgl, «lany,=^ i>. — inoculated in iO ^.1 -<>^^ 

and cultivated ovemigM. After cooling eor 15 nvin on x=., the 
cells wer. harvested by centri£u9«ion at 7000 ^ 
at *.c, «aehed in 5 ^ l=e-oold X.dh aaaay bu££er (50 ^ Tris- 
Acetate PH 6.0, 0.5 oM Fructose-l,6-diphosph»te) and 
«:^3pended in X ^ ice-cold aasay ^«.r. The -u-pended 
cells wer« transferred to a 5 »! tu3.e and —icated on 

ice uaing a Branson Soniti.r 250 at the follo«ing P*"--"" 
timer, 4 mln. , duty cycle =5%, output 4. Subsequent to the 
sonioation. the content of the tube was transferred " 
c!ld Eppendorf tube and centrilu^ed at 15.000 x g for 6 min. at 
,.C. The supernatant was transferred to a new i<=«-^°" 
Eppendorf tube. The Ldh specific activity of the 
extract was measured at in the following ^nner, 5 .1 

cell-free extract was added to 49S ^1 Wh assay buffer 
containing 0.2 «« KADH and 25 b« pyruvate. As control, an assay 
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witbou. pyruvace -as ueea. The con«r8lon of to ^ vas 

to the conversion OE i /auux i^m^Ax 

„easu.in, tn. procain co™ , 
Che BicincnoniniC acid (BCA) assay yi^^ 

cne Bi^^xuv, < Pierce) as protein standard. 

viae used with AlDurtian Standard (PJ-ercei as 

REFERENCE EXAMPLE 1 

10 ^-^^-^ r-' r•»*^T^. ^r- T^"^ for rrrnwtn Of I', ilaqti s. 

initially the L. lactis subspecies iactis strains lFHCY-1 and 
^13:: weie tested for .rowth on D«-.ediu. with (DH) or without 
(DN-Ac) acetate, respectively. 

15 above mentioned strains were Strea3ced -^^^^^ ^^^"^^ 

agar plates, respectively, .^.e ^''^^^^ll'^.l';'''^^^^^^^^ 
hours under anaerobic and aerobic conditions, respectively 
results are sumtnarized in Table 1 below: 

...t.^c. iimiirniT^nTir Of iFffcy-i a^6■..«a3^ 



20 





Aerobic 


Anac 




4' AC 


-AC 


+AC 


-AC 


lFHCY-1 


+++ 






+ +* 


mi363 


+++ 




+++ 


+++ 



- , no growth alter prolonged incubation 

The tested L. lactis strains have an absolute re^ire»ent for 
25 acetate under aerobic growth condxtions. 

r^nfa^occus laatie subspecies lactis 
The wild- type strain Lacto^o^cus x 
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CHCC373 was selected from the culture collection of Chr. Hansen 
A/S. HarBholm, Dei^rark and tested for its growth reguir^ent 
for acetate under aerobic and anaerobic conditions respectively 
by streaking a liquid culture of the strain onto a series of 
5 DN-raedium plates containing increasing concentrations of sodiuia 
acetate in the range of from 0 to 0.2% («/v) . 

under aerobic conditions weaJc growth was observed at 0.01% 
sodium acetate and at 0.02& full growth was observed. No growth 
was observed at concentrations below 0,005% sodium acetate. 
10 under anaerobic conditions full growth was observed at 0-0.2% 
sodium acetsLte. 

Xn the following experiments, DN-medium with 0.1% sodium 
acetate (DN) or not containing sodium acetate (DN-Ac) vas used. 

REFBRENCE EXAMPIiE 2 

p^^-j TflQiation of tnutfrfft^^ 

Mutagenized stocks of the strains CHCC373 and DB1341 were 
20 prepared as described" above and plated in dilutions onto 

DN-medium agar plates which were incubated aerobically for 24 
to 48 hours, prom these plates 980 colonies of each strain were 
selected and streaked onto DN and DN-Ac agar plates 
respectively and these plates wer. incubated for 24 ^-^^^^'^^'^ 
25 anaLobic conditions. Two strains designated DN220 and DN221 
respectively from the „.utageni«ed CHCC373 strain --'^ 
designated DN227 from the mutagenized DB1341 strain whrch wer^ 
unable to grow in the absence of acetate under anaerobic 
conditions were selected. 
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Chrotrosomal DNA was isolated from DN220, DN221 and CHCC373, 
respectively and digested with EcoRl, and the fragment patterns 
were compared using agarose gel electrophoresis. The fragment 
patterns showed that both DN220 and DN221 originated from 
CHCC373. DN221 was selected for further experiments. 

A sample of DN220, DN221 and DN227, respectively was deposited 
with Deutsche Sammlung von Mikroorganisxnen vmd ZslDculturen 
GmbH, Mascheroder Weg lb, D- 38124 Braunschweig, Germany on 26 
June 1996 under the respective accession Nos. DSM 11033, DSM 
11034 and DSM 11040. 

2.2. Growrh nf DN? ^1 in Ml? medium and RSM 

CHCC373 and DN221 were inoculated in M17 and the cultures were 
incubated under aerobic and anaerobic conditions, respectively, 
under aerobic growth conditions, DN221 and CHCC373 did grow 
equally well as judged by the ODgoo and the pH. However, the 
growth rate of DN221 in M17 under anaerobic conditions w*s 
considerably lower than chat of CHCC373 and it declined at a 
lower cell mass. These results showed that absence of acetate 
in M17 was not the reason for the slower growth rate of the 
selected mutant strain but indicated that an essential 
characteristic necessary for anaerobic growth is lacking in 
DN221 as compared to CHCC373. These results are consistent with 
the assumption that DN221 has a defect in its Pfl activity 
resulting in a requirement for acetate and a lower growth rate 
under anaerobic conditions as coir¥»ared to CHCC373. 

R.EFERBNCE EXAMPLE 3 

T qolatlon Q f PfTl ^T),'^ ^'^^ def«^cf.ive mutant^ 

A Stock of DN221 was mutagenized as described above under 
Materials and Methods, and the mutagenized cells were plated in 
dilutions onto DN-medium agar plates which were incubated 
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aerobically for 24-48 Koure. Prom theses places. 980 colonies 
IjTsltl.^ and each colony was streamed onto two DN plates 
^d incubated 24 hours under anaerobic and aerobxc conditions, 
^^tpectlvtly. TWO strains (DN222 and DN223) which were unable 
5 to grow under anaerobic conditions were selected. 

Chromosomal DH. was isolated from DN222, DN223 and CHCC373^ 
respectively and digested with KcoRI . Th^ fragment patterns 
respectx e y J electrophoresis. The fragment 

were connpared using agarose gex = ^ . . ^ 

patterns showed that both DN222 and DN223 originate from 

10 CHCC373 . 

„ s^l^ of DH222 «a respectively was depoBicei with 

sa^ung von «lkroor9anis»e» una ^-"""""""Z^, 
»»s=heroder Msg lb, P-38124 Braunschweig, °° f 

1996 unasr the respective ^oss.lon Sos. DSM 11035 =nd DSM 

15 11036. 

REFERENCE EXAMPLE 4 

Trr-'-'^o n ar^onranpouH mMt pnf n off m^^ l 

A liquid culture vas made from a single colony of I'N223 and 
Lusted unaer aerobic conditions overnight. -PP--»;^f/ 
20 cells were transferred to DN-meaiu« agar plates ^^^^^J^^^ 

incubated under anaerobic conditions. Tluree strains ^^^^^^^^^^^ 
,>^224. DN225 and Dl,226 ware isolated based on their abxl ty to 
grow under anaerobic conditions. The three ^^^^^ J!^^^;^'^^ 
Ltants or variants of DN223 having regained the 

.3 ToLrt to under ^ f -J-^^ror^r™^^^ 

mutations in secondary systems to Ldh and Pfl or L>y 

of the Pfl or the Ldh defect. 

Chro»=sOK.l was isolated fro» '^'^ ' ^^'^l,^,,, 

CHCC..73, respectively and digested ^^f^^^^^/^^^r^e 
30 patterns were con^ared using agarose gel electrophoresis. 
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Kagment p..«r«. showed ttot ^2*. DN2« """^ 
originate from CHCC373. 

A «™ie Of DN224, DN225 and DN226, respectively was deposited 
A aaiwple ot DN^zfi, Mticrooraanisaien und Zelllculturen 

Deutsche Samnaung von MiKroorganiwre** « 
vfitti DeuvEcxie 3 -xaifA Braunschweig , Germany on 26 

5 GBibH, Mascheroder weg lb, D-38124 Braunecnveig. 

jllne 1996 under tlxe respective accession Nos. DSM 11037, DSM 
11.038 and DSM 11039. 

EXAMPLES 

liatertala and anetnods 

" r.r:i:%r:: ^^^^^^^^^ 

pyruvate foni«te ^^^'^J^"; ^^^^^ the accession No. 

ciefecive and deposited deposited on 26 

^S DSM 11036 and DN224 whxch ^'^^^ "^37 \i,e cultures were 

June 1996 under the accession No. DSM 11037. 

the frozen concentrates were al>out 3 x 10^^ CFU/ral. 
20 EXAMPLE 1 

,1, I rn I I rif l-ln r " " ^ " ^ ^^"'l!!/!!!: ^ 

^ r„zen <U«=t vac =« (F-OVS, con=entr«e cf - 

-i^n«. «v;9lial3le from Chr. Hansen A/S, Harsnoxm, 
culture '^°^-^'''^^';^JJl^^ association with the a^ove 

25 Denmarlc, was cultured ^^^^^J"^/^^^^^^^ ^^l,,,e used was 
helper organisms. The inesophxlic starter u 

designated CH-N 19 - 

CH-H X9 1» a starter culture with a total cell count ol at 
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least 1 X 10" CFU/g containing a mixture of Lactococaus lactis 
sZ ore^ris. Lactococcu. lactis subs. lacti. ™ostoc 
„e«enteroldes subs, cruris and Lactococcus lactis subs. 
diSLcetylSLCtzis , 

CH-N 19 was uaed at an inoculation leval of 0.01 wt*. The 

-i-t-Aii* at- a Iftvel of 0.001 wt%. The 
helper organisms were inoculated at a lavel or o 

e^ariments were performed in low pas.eurx.ad whole milk a^ 

3^C with registration of pH at 1 hour intervals for 6 hours. 

The PH developm^t in low paateuri.ad whole 

with CH-N 19 alone and CH-N 19 in association with DN223 and 
DN224. respectively, is shown in Table i.l below. 

. . .n.rmnniT,onr i n pH in mi1)r in o r. a at; e d ^ 

^-^ .o ,ion. r r- 1 r ^.^^n^i^t-inTi with m? .7 ^ ^nd PN22 i 



Hours from 
inoculation 


pH 




CH-N 19 


CH-N 19 

+ DN223 


CH-N 19 
■f DN224 


3 


6.53 


6.52 


6. S3. 


4 


6.40 


€ .36 


6.37 


5 


6.16 


6.04 


€ -02 


6 


5.80 


5 .64 


5.60 1 
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«,en cultivated in association wit., this .nesophllic cultur. th. 
effect Of th^ h,lp.r orga»i.m. DN«3 and Dia24 on 0>. 

"••^ 6 hours of cultivation to a ApH o£ 

was further increased after 6 hours or reached 
0.16 and 0.20 pH units, respectively, i.e. pH 5.8 was reac 
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24 and 26 mimit.. £a«t.r when CH-N 19 »as cultivated in 
:.BoSatien with DM2« and D»22*. reapeccively, th« «hen 
cultivated alone- 

it-« 4f Is clc-ar that tlia acidification rate of 
Prom the^e results it is c±eAi- ^* 

the tested mesophllio dairy culture, can i« «=hanced by 
cutti^ticn in association with helper or9«.l«» such a. 
S^».S24. the helper organlsn» being used in a concentration 
:f aLut . X 10« CFU/g »il^ and the »esophilic culture being 
Led at a concentration of about 1 x 10« CFU/g milk. A larger 
^'«t on enhancer^nt o£ acidification rate was observed with 
DM224 as compared to DH223 under e.julval«.t =<perl«ental 
conditions . 



BXAMPLfi 2 

^^^^ ^ y,^^„r or^ani n m nn rn^ . ol^lfi r^ri^n 

Three F-DVS concentrates oi thermophilic lactic acid bacterial 
^a«er cultures co^^rcially available £rom Chr. Hansen .ere 
c^in:ated alone (negative control, and 

0«223 and DH224, respectively. The thermophilic cultures use 
20 are designated TCC-??, yC-460 and V0-.70, respectively. 

TCC-20 is a thermophilic starter culture with a total cell 

^It o« at least 1 . 10» C«T/g '--^-'^^ '"^ZZT.s 
ti.er-ophilas and x-ctobacillus heJveticus. The 

in the production of cHeese, e.g. Swiss 
primarily „oz.arells and Pis« cheese 

25 cheese types, Italian cneeee cyt^co, 



types . 



VC.460 and .C-470 are both mixed '"^'^ .•^'';';;^°^;;Z Z>,. 
Streptococcus thermpphHus and f "Hr^^ction 

hulffaricus. The cultures are primarily used in the produ 
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Of yoghurt. Both cultures give a high flavour level in yoghurt 
and YC-460 results in a medium viscosity and yC.470 in a high 
viscosity of the yoghurt. 

The TCC-20 culture was used at an inoculation level of 0.01 wt% 
and at a teinperature of 37*0. YC-460 and YC-470 was used at an 
inoculation level of 0.02 wt% and at a temperature of ^^'^JThe 
helper organisms were inoculated at a level of o.OOl wt%. The 
weight ratio between the starter cultures and DN223 and DN224, 
respectively, was 1:10 in the case of TCC.2 0 and 1:20 in the 
case of the Yoghurt Cultures. All experiments were perforrtiad in 
200 ml low pasteurized whole milk with registration of pH for 5 
hours at l hour intervale. 

. p ^r^-i r" '?v^<-^inef " 1«->' t-ii^ dnlr^r nnr^rft TCC-2Q. 

The acidification of low pasteurized whole toilk inoculated with 
15 TCC-20 alone and in association with DN223 and DN224. 
respectively, is shown in Table 2.1 below. 

^.^.^ o f ^^^r^^■o r m - n^ ^^"^^ inQw3 ff r«^<i wir . n tcc-3P , 

-„ ,o<.oM.hion with DN?,23 ftr l T}m ?. A rn^P >>rr .ivelY- 
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Wrtv^« after 
J^TiQculation 






TCC-20 


TCC-20 
4- DN223 


TCC-20 
+ DN224 


2 


6*50 


6.52 


6.51 


3 


6.53 


6.48 


6.47 


4 


6.28 


6,08 


5,95 


5 


6. IS 


5.48 


5.34 
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After only 4 hou« the results of cultivating TCC-20 in 
aLciation with DK223 and DN224, respectively, was a ApH of 
associatiot ^.„„t„ after S hours of cultivation the 

0.20 and 0.33, respectively. After 5 nour . „ - ^ and 
effect of DN223 and DN224 had increaBed to a ApH of 
ettecc oi a r^H of 6 2 in the milk was reached 55 and 

5 0.81, respectively. ApH of 6.-« m Ho 
a u.ox, f TCC-20 culture was inoculated in 

66 minutes faster when the TCC 20 cuit 

aasociation with DN223 and rN224. respectively, than when 
cultivated alcxie. 

^ I tn nrrH n - r ^^"^^"^ 

10 The development o£ pH in .nilic rceul.ing froo, cultivating YC- 470 
alone «ia ip aasociation with and DN224, reapoet^vely. i. 

shovn in Table 2.2. 

Tiiinn 7 T TBI -'->--""-»°t of n i ip mm- 1nor„1«tsa l>i ffl YC-'*'" ' 
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Hf^ii-ra after 
;«r«oeulatlQIl 


pH 




YC-470 


yc-470 

+ DN223 


YC-470 
+ DN224 


1 


6.50 


6. SO 


6.51 


2 


6.38 


6.35 


6.34 


3 


6.32 


6.03 


6.00 


4 


5.94 


5.11 


5.06 


5 


5.47 


4.51 


4.46 



^ao thia culture benefited ^i^ni^icantly fro. t^ preaeace 

ana The aoidlflc.tion rate a«ter 3 ^ours waa 

increased vit» a ApH o£ 0.2, and 0.«. '^^r 
25 houra with a APH o£ 0.83 and 0.88. reape=t.vely, and further 



1956SPC1.Q01 



28 



after 5 bours with ApH of 0.96 and 1.01. 

The increase in acidification rate, expressed ae tne reduction 
of time required for the rc-470 culture to acidify the mxl^ to 
a OH of 6.0 was 49 and 51 minutes, respectively, when the yC- 
5 47i culture wa3 inoculated in as-ociation with DN223 and DN224, 
respectively, coR^red to being cultivated alone. 

. rrr^^^- r- ^^^-'^'-^'^ rhe datyv gr ^rn f^T cviittirf^ Yc>46p. 

The development of pH in milk inoculated with YC.460 alone and 
in association with DN223 and DN224, respectively, is sHown xn 
10 Table 2.3 below. 

^ ^^.^ . , H.^.l»nme^^ of pH in miU 1n nrt,1 f.tetf with Y<?-46 fl 
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^pura after 
^T,9n^llation 






YC-460 


YC-460 + 
DN223 


YC-460 
+ DN224 


1 


6.53 


6.52 


6.52 


2 


6.43 


6.42 


6.42 


3 


6.43 


6.18 


6.12 


4 


6.14 


5.23 


5.14 


5 


5.87 


4.53 


4.45 



ao cultivated in .asooiation «itn the helper 

and DK224 an effect on the acidification rate «a. eeen as early 
a, after 3 hours of cultivation with a ApH ot 0 25 and 0.31, 
respectively. A more significant effect of cultivating VC-^SO 
in Lsoclation with the helper organisms DH223 and DH224, 
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„.p.ctiv.ly. «a. Observed after 4 hours with a ApH of 0^.1 ana 
Too LpeLively. A further lnorea= d effect wa. ""-"^ 
aftei ^ houra with a of ..34 and ..42 for B«.23 and OHJ24. 

respectively. 

s The increase in acidification rate, repressed as the reduction 
TtiL retired for the VC-460 culture " « ^"Ve^t": VC 
of 6 0 was 78 and 83 »>inutes, respectively, when the YC 
.fc: t^: Z cultivated in co^ination with -"^ -d 
respectively, as compared to the cultures bexng cultivated 
XO without helper organisms. 

-. • „ ^,,1 fw-res a larger effect was seen when 
AS vith the mesophilxc cultures, a larger =.«c«riation 
cultivating the thermophilic etarter cultures .n 
:rth rather thaxx with . The difference hetween the 

two helper organisms was not as pronounced ^^^^^^^ 
X5 association with thermophilic cultures. The 

helper organisms as measured by the increased -^^f ^^^^^^^^^.^ 
Z la Lanif icantlY greater when used in associatxon wxtn 
rate was signiticannxy axe* aaooriative 
thermophilic cultures. Of the tested cultures the 
growth with and..«..4. "»P-^ 

20 benefit to the yosburt cultures yC-460 and ^= ""^ 

of acidification rate after 5 hours being about 1 PB ""^^ 
t weight ratio of l = 2<, between the yoghurt cultures «>d ra«23 
and "'224. respectively. The two helper organise were able to 
reduce significantly the ti^e required to acidify the nill. to 
certain pH when inoculated at a level of 0.001 wt% of the 
substrate. 
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BXAMPliE 3 

....K .f hei irnm n n- -ci^ifir.rlor ^"t^^ -* 

^^^^^^^^:: ^ .r n.U, «e c^ r . 1.1n . both icsa^ 

The effect of the helper organise- DH223 and DN224 on add- 
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if ication rate in milk was determined for mixed starter 
cultures intended for the production of Dutch and continental 
Cheese. These mixed starter cultures contains meBophi.lic and 
thermophilic lactic acid bacterial strains. The starter 
S cultures were inoculated as frozen DVS. The following starter 
cultures were used: 

YY-62 and YY-63 are starter cultures consisting of a mixture of 
both mesophilic and thermophilic lactic acid bacterial strains. 

TH4 is a commercial starter culture containing a thermophilic 
10 lactic acid bacterial strain. 

B-il is a commercial mesophilic mixed starter culture con- 
taining strains of L&ctococcua laatlB subs, creinoriff, iacto- 
coccus lactie subs. lactiff, Leuconoetac mesenteroides subs, 
cremorifl and L^ctocot^cuB l^ctie subs, diacetylactis. The 
15 culture has a total cell count of at least 1 x lO" CPU/g, The 
starter culture has a content of LeaconoBCoc mesenteroxdes 
subs, cremoris in the range of 1-5% based on the total cell 
count and of JLactococeus lactic subs, diacetyiactia in the 
range of 5-30% based on the total cell count. 

20 The evaluation of the acidification rate was made by inocula- 
tion of the starter cultures into pasteurised whole millc. The 
temperacure was controlled by an automatic temperature con- 
troller, generating a typical Danbo cheese temperature profile. 
The starter cultures were incubated at the levels indicated xn 

25 the tables below. The milk had been stored overnight at 4-7 C 
in bottles with loose lids, in order to ensure equal level of 
oxygen saturation in all bottles. 

The pH development was measured semi -continuously throughout 
the 16 hours of incubation by AAC hardware from Intab A/B. 
30 Acidification curves were generated by the ^^^^^^^ ^ 

Easyview version 3 . 2 . 0 .4 . The pH values measured after 5 and 



t9S«5PC».^I 



10 



31 



hours incubation are shown in the tables below. 

. . n^. effect ,0£_^ddia3-Mi' I^Hrrr nrr,.n1rm. nN77^ or PT^22^ 

The inoculation level of the starter culture Yy-62 
5 and/oz- nsiyn. organiotno PN2?-» «nd DN224 is shown in Table 3.1: 

Tr--Tln— -» ^^ ^^ ^^-"^ "^" '^ 
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Culture 


DN223/ 


Total idoc 




0.003456 


0% 


0.0034% 


YY-62 + 


0.00331% 


0.0014% 


0,0048% 


YY-62 + DN224 


0.0033$ 


0.0015 


0.0049% 



l^e PH after 5 and 6 hours in pasteurised whole milk inoculated 
with the starter culture alone and in association with the 
helper organisms DN223 and DN224. respectively, ie shown in 
15 Table 3.2: 

..V... . .. OH after 5 and r ^onrf in pa^r.^vri^ed-vO^ol^^ 

w-^^. alnno nr In asgg r l nM oT, t^ ^ PWa23 »n4 



Culture 


XJnit 


5 hours 


6 hours 


YY-62 


pH 


6^5 


6.24 




pK 


6.19 


6.01 


YY-62 + DN224 


pH 


6.13 


5,94 




•c 


31.16 


2.6,2 



nn Ofl OQ CO c^'»■ vv4 oc*tt vot cr>/c-7 
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•n-e3. 

5 Table 3.3: 
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Cithure 


Culture 


DN223/ 


Total iDOC, 




0.0034% 


0« 






0.0O337* 


0.0017% 


0.0051% 


YY-63 + PK224 


0.00347% 


0.0015% 


0.0050% 



The pH after 5 and € hours m pasceuxx.^^ .^^^^ 
with the starter culture alone and in association -th the 
helper organising DN223 and DN224, respectively, is shown in 
Ta±)le 3.4: 



DIT224 



Cultures 


1^ 


5 houra 


^ liour5 




pH 


6.26 


6.10 


yY-63 + DN223 


pH 


6.04 


5.75 


YY-63 DN224 


pH 


6.07 


5.80 




•c 


31.05 


26.06 
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una ntiirtnt ™*- 

TOe ln==ul«lon level =f the «arter culture «-« which ie a 
5 mlx-etarter cvlture containing the .tarter culture 

starter culture TH4, and/or helper organiemB DN223 and t«.224 

eliown in Table 3.5: 

PN224 



Cukurc 


Culture 


DN2a3/ 
DN214 


Total Inoc 


YY-43 


0.0036% 


0% 


0.0036% 


YY-43 + DN223 


0.00345% 


0.0015% 


0.0050% 


YY-43 4- PN224 


0.0034% 


0.0014% 


0.0049% 



Tha PH after s and 6 hcure in pasteurleed whole "'^^'^^■'"^f 
iS with the etarter culture alone and in ""^^"^^ . 

helper organisms DN223 and IM224, respectively, is sho«i in 

Table 3.6: 
20 Q£322ik 
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Cutture 


XTnit 


5 hours 1 


6 hours 


YY-43 


pH 


6.17 1 


5.97 


YY-43 4- DN223 


pH 


6.03 


5,78 




pH 


6.03 


5.S1 


Teaap. 


•c 


30.85 


25.83 
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3,<^ ConclualQaa 

A marked effect of the addition of helper organisms according 
to the invention on the acidif iceition rate of three different 
lactic acid bacterial starter cultures has been demonstrated 
B (3.1., 3.2 and 3.3). Thus, after 6 hours the pH was reduced by 
0.19-0.35 pH units for the starter cultures YY-62. YY-63 and 
YY-43. This enhancement of the acidification rate of the 
starter cultures implies that a desired acidification of milk 
can be obtained by using 50% of the normal level of the starter 
10 culture to achieve the equivalent acidification when this 

reduced level of starter culturi is supplemented with a helper 
organism of the invention. 
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EXAMPLE 4 

^r-^H^fln^ti on of B-11 in f ^j ffflTffnC fldlK subfitffin^fl 

The effect of increasing the amount of helper organism on the 
acidification rate of a dairy starter culture was tested using 
the mesophilic culture designated B-ll cultivated in 
association with DN223 and DN224, respectively. 

B-ll is a mesophilic starter culture as described in Bxait«>le 3. 

Three substrates were used: loW pasteurized whole milk, low 
pasteurised ecological whole milk and high pasteuri:.ed 8ki=«.©d 
milk. The inoculation level of the B-ll culture was 0.01 wt%. 
The helper organisms were tested at 4 different inoculation 
levels: 0 wt%. 0.005 wt*, 0.01 wt* and 0.02 wt%. respectively. 
All experiments were performed at 30 -C and the pH of the 
substrate was measured after 5 hours of incubation. 
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The results for each of tl.e above substrates are shown ^-■Jj-^-' 
T.\ an<. 3. respectively. All three experi^ente ^-^.^^J^'^l 
a;idification of the substrates vas exU^.ancea sigxxif icantly 
B 11 was cultivated in association with DN223 and DN224, 
^specrivl^y, the effect of ON2.. in general 

that of DN223. ^ere was only observed «.nor ^^^^^^^^^^ J^^^^^ 
effect between the different niilk substrates. In whole ^.Ik 
chere was a large decrease in pH from 5.97 to 5 58 and 5 55 
When B-IX was cultivated in association with 0,005 wt% of D^223 
and DN-224, respectively. Ti^e decrease in pH was further 
:^anced when DK223 and DN224 was used at an ^^^^^t^^^ 
Of 0.01 wt% resulting in a pH of 5.53 and ^^P™^^^^^ 
wi^en the inoculation level of the helper organism was increased 
ro lo2 wt% no farther increase in the acidification rate was 
15 observed- 

«hen the starter culture B-ll was inoculated at ^'Ol wt% and 
cultivated in association with DN223 and DN224. ^ 
larger effect was achieved with an an^unt of helper organ.sK. of 
about 0.005 wt%, the effect only to a stnaller extent be.ng 
20 dependent on the milk substrate. 

,........tion rat-. O f Y ^-^^P U ^^^r.ur^..^ Who^.^ 

The devslopment of pH in 1000 rul low pasteurised whole milk 
inoculated with 0.02 wt% VC-460, 0.003 wt% DN223 and 0 . 02 wt. 
25 YC-460 in association with 0.003 wt% DN223 xs shown -J^^^ 
corresponding results obtained with the helper crganzsm DN.24 
is shovn in Fig. 5. 

The tl.. us^d to aci41.y .h. ^l>c to pH ^■'"^'J^'l^JJ^,. 
al,out 92 and 96 minutes wh.n YC-«o -« caltxvatad xn 
30 ati=n with DNja3 .r.a BK2a4. re.p.ctlvaly, as con^.ared to Seing 

cultivated alone- 
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compared co che results obtained in Exai.«,le 2.3 an increase of 
acidification rate was seen when the inoculation level of cha 
helper organism was increased from 0.001 wt% to 0.003 vt%. The 
time required for the YC.460 culture to acidify the milk to pH 
6 0 was further reduced by 13-14 minutes when the amount of 
helper organism was increased from 0.001 wt% to 0.003 wt%. 

A pH of 4.5 in the milk and this was reached after 6 hours and 
52 minutes when the milk was inoculated with YC-460 alone and 
after 4 hours and 44 minutes and 4 hours and 45 minutes when 
inoculated with YC-460 in association with DN223 and DN224, 
respectively. 



EXAMPLE 5 



l y^iv ^« reli.^^^^« to th e acidif igarlon rai^Q qf r,he stftyter 
15 ml cures 

The development in pK and oxygen concentration was xnonitored 
when cultivating milk with starter cultures of both mesophilic 
and thermophilic types and with the starter cultures in 
association with DN223 and DN224, respectively. pH was measured 

20 using a Chemap pH-amplifier a Mettler Toledo HA 465-50-T.S- 
7 electrode and the oxygen concentration was measured using a 
Chemap amplifier and an ingold pO, electrode. As negative 
controls milk was inoculated with DN223 and DN224, 
respectively. The cultivations were performed in 40 l.tre 

25 fermenters with moderate mixing and using 30 litre ecologxcai 
low pasteurized whole milk as the substrate. 

Four sets of experiments were performed in 3 parallel 
fermenters with the following additions of starter culture 
and/ or helper organisms: 



l9$aSPCl.Q01 



Experiment A: 



37 

i) 0.02 Wt% YC-460, 

it) 0.003 wt% DN223 and 

iii^ 0.02 wt% YC-460 in association with 0.003 
vrt% DN223 . 



Experiment B: 



i) 0,02 Wt% YC-460, 

ii) 0.003 wt% DN224 and 

ili) 0.02 wt% YC-460 in aeeociation with 0,003 
wt% DN224 . 



Escperiment C; 



i) 0 .01 wt% B-li, 

ii) 0.0015 wt% DN223 and 

iii) 0.01 wt% B-11 in association with 0.0015 
wt% DN223. 



Experiment D: i) 0.01 wt% B-11, 

ii) 0.0015 Wt% DN224 and 

iii) 0.01 vft% B-11 in association with O.0O15 
Wt% DN224. 

The tenrperature was kept at 43-0 when cultivating the 
the«nophilic culture YC-460 and at 30-C when cultivating the 
n^sophilic culture B-11. The pH and oxygen concentration were 
measured and recorded at half hour intervcils. 

The results obtained in experiment A are shown in Pig. 6A and 
6B, respectively, and the results obtained in experiment B ar< 
shown in Pig. 7A and 7B, respectively. 

Prom Pigures 6A and it can be seen that when ^^' ^^^^J^^ 
cultivated alone, the oxygen was consumed at a slow rate res 
ultmg in an oxygen- free medium after 4.5 hours. The 
cation of the milk was very limited when the oxygen content 
the milk was high and pH 6 was reached after 4 hours, 

inoculating the milk with DN223 resulted in a rapid decrease 
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the oxygen content of the mlDc, the oxygen being totally 

Seer 2.5 hours. Suhstantially no acidification of the 
milk was observed under these conditions . 

inoculating the milk with yC-460 in association with D«223 
5 resulted in a rapid decrease of the oxygen concentration in the 
xnilk. the oxygen being totally removed after 2.S hours. The 
acidification rate of the milk vas slow at high oxygen 
concentrations in the milk, but accelerated at an earlier point 
than when YC-460 was inoculated alone, i.e. pH was below 6 
10 after only 2.5 hours. 

When con^^iring with ths corresponding results shown ^^J^^' f 
and SB- it is evident that the acidification of the milk by YC- 
460 was correlated to the oxygen concentration. The YC-460 
starter culture was capable of removing the oxygen from the 
medium by itself but did it slowly. When the oxygen <=^^^^^ 
in the range of 0-3 ppm the acidification of the medium by YC- 
460 was significant. The presence of D1I223 in associatxon with 
YC-460 enhanced the removal of the oxygen aixd thereby decreased 
the time until onset of acidification. The more rapid onset of 
acidification was not due to acidification of the medium by 
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011^23. 



Similar results were obtained with associative cultivation of 
YC-460 and DN224. Shown in Fig. 7A and 7B. Inoculation of the 
liXk With DN224 alone resulted in a fast decrease - ™ 
content of the milk, the medium being oxygen- free ^^^^^^^^ 
l.S hours, substantially no acidification of the mxlk was 
observed. 

The acidification of the milk by YC.460 resulted in a pH about 
6 within 4.5-5 hours and this pH was obtained with the 
associative culture of YC-460 and DN224 after about only 3 
hours . 
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Bven tl^ough DN224 removae the oxygen in the medium more rapidly 
TZ does DN223 the i-^roved acidification rate o. yc-.60 in 
aBBociation with DN224 was essentially the eame a. that 
Obtained with DN223. ihis indicates that the oxygen concen- 
tration in the medium is one factor having an effect on the 
acidification of milk by thermophilic cultures. 

The reeulte of experiment C are shown in Fig, 8A and 9B, and 
the results of experiment D are shown in Pig, 9 A and 9B. 

prom the figures i. can be seen that ^--^^^^^^ ^^^"^f ^^^I^ly 
0 0015 wt% DN223 and DN224 resulted in the oxygen being totally 
removed after 2.5 hours for both helper organisms. This 
corresponds to the results obtained when the mill, was 
inoculated with 0.003 wt% DN222. After 2 hours of incubatior 
the higher inoculation level of DN223 had reduced the o^gen 
concentration to about 2 ppm whereas the lower 
level of both DN223 and DN224 resulted in an oxygen level of 
about 3 ppm. With 0.003 wt* DN224 the oxygen was ^^tally 
removed after 2 hours of incubation and after x.5 hours the 
oxygen concentration was about 2.5 ppm. 

The results of associative cultivation of B-U with DN223 and 
DN224. respectively, shows that the acidification rate of ^xs 
culture was improved by the presence of the helper organisms. 
Tiie improved acidification rates were almost the saxne when 
using DN223 and DN224. pH values of 5.B8 and 5 97 obtained 
25 after 5 hours incubation with B-H in association wxth ^223 
and DN224, respectively, can be compared / " 
Obtained in Example 3 with 0.005 wt% of DN223 and ^^^^^^ 
respectively. The effect of increasing the amount of helper 
r 'ani m frL 0.0015 wt% to O.OOS wt* is thus a decrease n the 
30 PH after 5 hours from 5.88 to 5.58 with DN223 and from 5.97 
5.54 with DN224. 

^, . _ -T, of fi 2 in the milk was 

From Fig. SA it can be seen that a pH of 5.2 m cn 
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reached after 7 hours and 24 minutes when the milK was inocu- 
lated with B-11 alone and after 6 hours and 22 minutes vhen 
inoculated with B-ll and DN223 in association. From F3.g. 9A it 
can be seen that pH 5.2 was reached after 7 hours and 48 
xoinutes when the milk was inoculated with B-il alone and after 
€ hours and 39 minutes when inoculated with B-ll in association 
with DN224. 
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Additional abeet 
in addition to the microorganism indicated on page 38 of the 
descrtption, the following microorganism^ nave baen deposited 

''''''\sM-Deutache Sanmlung von Mikroorganiemen und 
Cellkult-uren GinbH 

Masaheroder weg IB, t,-3B124 Br»unBOli,«ig, Gei™M,y 
on tne da«s «n4 und" Che aoc.Bion n,«lb«B «ateO Below: 



Acceseion Date of 
nurnbar deposit 



Description 
Pag6 Ho« 



Description 
Ijine Nos . 



D3M 


11033 


26 


June 


1996 


21 


DSM 


3.1034 


26 


June 


1996 


21 


DSM 


11036 


26 


June 


1996 


22 


DSM 


11037 


26 


June 


1996 


23 


DSM 


11038 


26 


June 


1996 


23 


DSM 


11039 


26 


June 


1996 


23 


DSM 


1104O 


26 


June 


1996 


21 



6 

6 
11 
3 
3 
3 
6 



For .11 Of the above-l<l«nti£ied deposit.d mlc«,o.g9»i»s, the 
following additional indicacioM apply s 

A. regards the reopeotlve Patent Offices o£ the respective 
TesI^Lted states, the applicants revest that a sa^ e of 
..e deposited :„icroorganis,ns stated ^« - ^ ^ ^f,, 
available to an »=P«t nominated by 

date on which - ^ ht aron: ::e™ed to be 

application Has been refusea ojr w 

withdrawn- 
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SEQUENCE I/ZSTIUG 

(1) GENERAL INFORMATION 

(i) APPLICANT: 

(A) NAME: Chr- H«"«?^.*^{^ ,^ 

(B) STREBr: Boege Axle 

(C) CITY: Hoercholzn 

(D) COUNTRY: Denmark 

(E) POSTAL CODE (ZIP) t 2970 



(L±\ TITLE OF THE INVENTION; A method of iinproving the ^^^^^^^^ 
^ Sctic acid bacterl»l atarter cultures and improved starter 

culture compositions 



(iii) NUMBER OF SEQUENCES: 2 

(iv) COMPUTER READABLE FORM: 

(A) mOlUM TYPE: Diskette 

(B) COMPUTER: IBM Con^atible 



(C) OPERATING SYSTEM 3 DOS „ . a 

Id! SOfiTWARE: FastSEQ for Windows Version 2.0 



(2) INFORMATION FOR SEQ ID N0:1: 

{1} SEQUENCE CHARACTERISTICS: 

(A) LENGTH I 1638 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNBSS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: Genomic DMA 
Ciii) FEATURE: 

(A) NAME/KEY: Coding Sequence 

(B) location: 255..-1S82 
(D) OTHER INFORMATION: 



(xi) SEQUENCE DESCRIPTION J SEQ ID NO:l: 
CCCGATGCTC CCGATGTTCG TGGAATCATT ^CTTTCAT CAGCTTTGGC TGCGG^TACA 60 
GCTTTTGATT CAGAAACTAT GTGGCAAGCT ^J^?^ Sl^cS^ ^^^T^AC 180 

^CCTAT TAC^ ATG AAA ATC GTA GTT ATC GOT ACA AAC CJC GCA G^^ 
1 5 



ATT OCT ACA GC. AAT ACA TTA CTT GAA gA TAT CCC GGG CJT |AA ATT 
He Ala Thr Ala Asn Thr Leu Leu Glu Gin Tyr .ro ^xy 



3TC ATG ATT OAC CGT AAT AGC AJC ATG AGT TAT CTA GGT TGT GGC ACA 
Val Met He Asp Arg A*n Ser Asn Met Ser Tyr ^eu ^ y j 

GCA Zt TGG GTT GGA AGA CAA ATT GAA AAA CCA GAT GAA TTA TTT TAT 
Ala He Trp VaX GXy Arg Gin ll« Glu Lys Pro asp 
45 SO 5^ 

tsi ^ m 52 T. ns f s; 



338 



386 



434 



482 
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^ aTT XCA ATT TTT ^ {J^ ^ ^ 

Thr Glu Val Sar Glu lie A*p Pne Aaa fiisu uy jf 
80 

XCT AA. TCT OKX a.T ^ ATA ATT GCT TAC JAG CTT JTT XTA 

Thr Lys ser Asp Asp elu He lie Giu Ala lyt 
95 

ft. ?s ss ?r. if. is siss s ^ - 

110 

xlin rt^T TTT CAA GAA GGT CAA CCA ATt GAC 
AAG GGA ATT CAT TTT CTG AAA CTX TTT CAA UAA 
Lys Gly lie His Phe Lou Lys Leu Phe Gi.n. ^iu v*.4.y 
125 130 ^•'^ 

CCA TTT |AA AAA GTC AA. COT ATC OCA OTC ATT OCT CCA 

Ala Glu Phe Ala Lys Glu Lys Val Lys Arg 
145 •^"'■^ 

?JJ Si iS S5 S Si S SI? 25 S?J ^ 

160 ""^''^ 

S; SI S SS IS SI IX 5S IS St IS ?JJ 
Si S SI iji Si iiS SI SS 

190 

s £11 snr. s? s s! St i iJi - S; 

205 210 Zl= 

gi s?j ??i IS St s 5it rs - i 



SI 5If ttl ?II S SS ttS SS St 
£1 1^? S SI III StI S5 St ?I? 

255 260 

SI St St t^I SI |S SJ ?S S I? Ill SI 511 Sf 

?s in s SI ?s IIS St ss r.i n si si si si 

5 SS Si ?II Sf IS SS SI S St §S S^ SI IS 

305 ^-^^ 

- St ii; stt SI 511 sr. 5ii |t s ni si s fii i^? - 

' 320 

„r «C «T JtO JCT TC, JC. .JJ CTT JJT J« JJJ gl tjt 

Phe Gly Tyr Asn Met Thr S€?r in^ ^^Y ^ 



530 



578 



€26 



674 



722 



770 



816 



866 



914 



962 



1010 



1058 



1106 



1154 



1202 



1250 



1298 



3-35 340 



) 
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AAA TTA GGT TTA GAA CTT TCA TTT AGT GM TYT GAA GAT AAA CAA AAA 1346 
^ ilu Gly flu Glu Val Ser Phe Ser Asp Phe Clu A«p Lys Gin Lys 
35Q 3S5 360 

CCT TGG TTT CTT CAT GAA AAC AAC GAT AGT GTG AAA ATT CGT ATC CTA 1394 
Ala Trp Phe Leu His Glu Asn Asn Aap Ser Val Lys He Arg 11^ Val 
365 370 375 

TAT GAG ACA AAA AGT CGC AGA ATT ATT GGA GCA CAA CTT GCT AGT AA«l 1442 
Xyr Glu Thr Lys Ser Arg Arg lie He Gly Ala Gin Leu Ala Ser Lys 
385 390 335 

AGT GAG ATA ATT GCA GGA AAT ATA AAT ATG TTC AGT TTA GCG ATT CAA 1490 
Ser Glu He He Ala Gly A^n He A3n Met Phe Ser Leu Ala He Gin 
400 40S 410 

GAG AAA AAA ACA ATT GAT GAA CTA GCT TTG CTT OAT TTA TTC TTT CTC 1538 
Glu Lys Lys Thr He Asp Glu Leu Ala Leu Leu Aap Leu Phe Phe Leu 
415 420 425 

CCC CAC TTC AAC AGT CCA TAT AAT TAT ATG ACA GTT GCA GCT TT GAATGC 158B 
pro His Phe Asn Ser ?ro Tyc Asn Tyr Met Thr Val A3.a Ala Leu 
430 435 440 

CAAATAAACA ATAGAAATCT ATCTGCTTGA TAGATTTTTT TATTTTTTAG 1638 



(2) INfOPMATlON FOR SEQ ID NOs2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 443 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNMS: single 

(D) TOPOLOGV: linear 

(ii) MOLECULE TYPES protein 

(iii) FRAGMENT TYPE; internal 

(xi) SEQUENCE DBSCRIPTIOK: SEQ ID TfOiZi 



Met 
1 


Lys 


He 


Val 


Val 
5 


He 


Gly Thr 


Asn 


His 
10 


Ala 


Asn 


Thr 


Leu 


Leu 


Glu 


Gin 


Tyx 


Pro 


Gly 


Kis 


Glu 








20 










25 




Gly 


Arg 


Asn 


Ser Asn 


Met 


Ser 


Tyr 


Leu 


Gly 


Cys 




35 










40 






Phe 


Gly 


Arg 


Gin 


He 


Glu 


Lys 


Pro 


ASp 


Glu 


Leu 


50 










55 








Thr 
75 


Asp 
€5 


Phe 


Glu Ala 


Lys 


Gly Val 
70 


Lys 


He 


Leu 


Glu 


He 


A6P 


Phe 


Ala 


Asn 


Lys 


Lys 


Val 


Tyr Ala 








85 












Val 


Asp 


Glu 


He 


He 
100 


Glu 


Ala 


Tyr Asp 


Lys 
105 


Leu 


Arg 


Pro 


He 


He 


Pro 


Asn 


Leu 


Pro 


Gly 


Lys Asp 




115 










120 






He 


Phe 


Leu 


Lys 


Leu 


Phe 


Gin 


Glu 


Gly 


Gin 


Ala 




130 








135 






He 


Gly 
155 


Ly$ 
145 


Glu 


Lys 


val 


Lys 


Arg 
150 


He 


Ala 


Val 


Thr 


Glu 


He 


Ala 


Glu 


Ala 


Ala 


Lys 


Arg 


Arg 


Gly 






165 










170 




Phe 


Asp 


Ala 


Glu 
180 


Asn 


Thr 


Ser 


Leu 


Ala 
18'5 


ser 


Tyr 


Ala 


Lys 


Gly 


Mat Asp 


Glu 


Asn 


Leu 


Ala 


Gin 


Hie 




195 










200 




Ala 


Asn 


Phe 


Gly 


Gin 


Leu 


Ala 


Lys 


Glu 


Phe 


Lys 



15 

He Val Met He Asp 
30 

Thr Ala He Trp Val 
45 

Tyr Ala Lys Ala Glu 
60 

Glu Thr Glu Val Se* 
80 

Lys Thr Lys Ser Asj 
95 

Leu Ala Thr Gly Sei 
110 

Leu Lys Glv He HU 
125 

Asp Ala Glu Phe Al^ 
140 

Ala Gly Tyr He Gli 
16C 

Lvs Glu Vai Leu Lei 
175 

Ty Asp Glu Glu Phe 
19C 

Gly He Glu Leu Hi; 
205 



195«SPC1.Q0J' ' I } 

I 

I 
I' 

r 

210 215 j 220 

Ser Gin lie Val Thr Asn Lys Ala Thr Tyr Aisp Val Asp Leu Val lie 
225 230 235 240 

Asn Cys Xle Gly Ph^ Thr Ala Aen ser Ala Leu Ala Ser Asp Lya Leu 

245 ' 230 I 25S 

Ala Thr Phe Lys Asn Gly Ala lie Lys Val Asp Lys His Gin Gin Sex 

260 265 i 270 • 

$oc Asp ?ro Asp V*i Tyr Ala Val Gly Asp Val Ala Thr lie Tyr S«r 

275 280 i 265 

Asn Ala Leu Gin Asp Phe Thr Tyr lie Ala L.bu Ala Ser Asii Ala Val 

290 295 i 30C 

Arg Ser Glv lie Val Ala Gly His Asn lie Gly Glv Lys Glu Leu Giu 
305 ■ 310 3!L5 320 

Ser Val Gly Val Gin Gly Ser Aan Gly lie Sfer lie Phe Gly Tyr Asn 

325 330 I 335 

Met Thr Ser Thr Gly Leu Ser Val Lys Ala Ala Lys hys Leu Gly Leu 

540 345 I 350 

Glu Val Ser Phe Ser Asp Phe Glu Asp Lys Gin Lys Ala Trp Phe Leu 

355 360 j 365 

His Clu Asn Asn Asp Sar Val Lys Ila Axg X3L« Val Tyr Glu Thr Lys 

370 375 I 380 

Ser Arg Arg lie lie Gly Ala Gin Leu Ala Ser Lys Ser Glu lie lie 
385 390 395 400 

Ala Gly Asr. lie Asn Met Phe Ser Leu AJLa lie Gin Glu Lys Lys Thr 

405 410 i 415 

lie Asp Glu Leu Ala Lsu Leu Asp Leu Phe Phe Leu Fro His Phe Asn 

420 <2S I 430 

Ser Pro Tyr Asn Tyr Met Thr Val Ala Ala Leu 
435 440 I 



